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WUDQVSRUWDWLRQ RI OLTXLG JDV VXFK DV /1 /2 /+ %HFDXVH WKH \LHOG VWUHQJWK RU QRQSURSRUWLRQDO H[WHQVLRQ
VWUHQJWK  ܴ௣଴Ǥଶ  RI DXVWHQLWLF VWDLQOHVV VWHHO LV ORZ LI WKH FU\RJHQLF SUHVVXUH YHVVHO LV GHVLJQHG DFFRUGLQJ WR
FRQYHQWLRQDOGHVLJQPHWKRGRI&KLQDVWDQGDUG*%WKHDOORZDEOHVWUHVVRIDXVWHQLWLFVWDLQOHVVVWHHOPD\EHORZ
)RUH[DPSOH WKHDOORZDEOH VWUHVVRI6 LVRQO\03DDWć ,QRUGHU WR WDNH IXOO DGYDQWDJHRIPDWHULDO
SURSHUWLHVWRPDNHZDOOWKLQQHUFROGVWUHWFKLQJWHFKQRORJ\LVWDNHQLQWRFRQVLGHUDWLRQ&XUUHQWO\FROGVWUHWFKLQJKDV
EHHQUHFRUGHGLQVWDQGDUGVVXFKDV&ROG6WUHWFKLQJ'LUHFWLRQV$66XSS(1(1
 $60( %39&Đ, &RGH &DVH  ,62  ,62  ZKLFK LV FDOOHG DV
$YHUVWDIRUP2Q WKHRWKHUKDQGFU\RJHQLFVWUHWFKLQJDOVRFDOOHGDV$UGHIRUP ODFNHGIRUGHWDLOHG LQYHVWLJDWLRQ
ZKLFKPLJKWHQKDQFHVWUHWFKLQJSHUIRUPDQFH>@
'XULQJ WKH FROG VWUHWFKLQJ RSHUDWLRQ WKH SUHVVXUH LV LQFUHDVHG XQWLO WKH FROG VWUHWFKLQJ SUHVVXUH ௖ܲLV UHDFKHG
PHDQZKLOH WKH FLUFXPIHUHQWLDO VWUHVV RI WKH F\OLQGHU LV UHDFKHG WR D VSHFLILF VWUHVVߪ௞ߪ௞!ܴ௣଴ǤଶZKLFK LV FDOOHG
VWUHQJWKHQLQJ VWUHVV $Q DPRXQW RI SODVWLF GHIRUPDWLRQ KDV DSSHDUHG LQ WKH YHVVHO DQG RQO\ ZKHQ WKH VWUHVV
VXUSDVVHVߪ௞ ZRXOG QHZ SODVWLF GHIRUPDWLRQ EH JHQHUDWHG 7KH VFKHPDWLF GLDJUDP RI FROG VWUHWFKLQJPHQWLRQHG
DERYHLVVKRZQLQ)LJ
7KH VWUHWFKLQJ WHPSHUDWXUH DQGPHGLXPRI WKH FROG VWUHWFKLQJ DQGFU\RJHQLF VWUHWFKLQJ DUHGLIIHUHQW)RU FROG
VWUHWFKLQJPHWKRG WKHPHGLXPLVZDWHUDQG WKH WHPSHUDWXUH LVQRUPDODWPRVSKHLF WHPSHUDWXUHEXW IRUFU\RJHQLF
VWUHWFKLQJPHWKRGWKHPHGLXPLVOLTXLGQLWURJHQDQGWKHWHPSHUDWXUHLVDERXWć
&RPSDUHG WR FROG VWUHWFKLQJ FU\RJHQLF VWUHWFKLQJ FRXOG LQFUHDVH \LHOG VWUHQJWK RI PDWHULDO VKDUSO\ ZLWK
WRXJKQHVVDQGSODVWLFLW\RI WKHPDWHULDOPDLQWDLQHG LQ UDQJHRIFULWHULRQZKLFKFRXOGPDNHSUHVVXUHYHVVHOVZDOO
PXFKWKLQQHUWKDQWKDWLQFRQYHQWLRQDOGHVLJQ>@7KRXJKRZLQJWRFRPSOH[LW\DQGFRVWRIPDQXIDFWXULQJSURFHVV
FU\RJHQLFVWUHWFKLQJLVPHUHO\DSSOLHGLQDHURVSDFHILHOGZLWKRXWUHFRUGHGLQVWDQGDUGV>@
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2.1. Design of experiment 
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7HQVLOH WHVWVZHUH FRQGXFWHG LQ DQ ,QVWURQ  WHVWPDFKLQHZLWK VWUDLQ UDWH WROHUDQFH LQ 7HQVLOH WHVW
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2.2. Results of experiment 
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7ZR VWUHVV VWUDLQ FXUYHVZHUH FRPSDUHG DQG DQDO\]HG 7KH UHVXOWV VKRZHG WKDW UHPDUNDEOH GLIIHUHQFH H[LVWHG
ZKHQ WKH WHVW WHPSHUDWXUHYDULHG IURPćWR ć%RWK \LHOG VWUHQJWK DQG WHQVLOH VWUHQJWK DW ćLQFUHDVH
VXEVWDQWLDOO\ZLWK SODVWLFLW\ GURSSHG DQG WZLFH \LHOG SKHQRPHQRQ DSSHDUHG DW ć >@ )URPPHWDOORJUDSKLF
VWUXFWXUH LW FRXOG EH IRXQG WKDW PDUWHQVLWH FRQWHQW LQFUHDVHG LQ D ODUJH VFDOH0DUWHQVLWH WUDQVIRUPDWLRQ SDWWHUQ
YDULHV DW GLIIHUHQW WHPSHUDWXUH LQFOXGLQJߛ ՜ ߙSURFHVV DQGߛ ՜ ߝ ՜ ߙ SURFHVV >@ 7KH IRUPHU SDWWHUQ LV PRUH
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VXLWDEOH IRU QRUPDO WHPSHUDWXUH VLWXDWLRQ DQG WKH ODWWHU SDWWHUQ LV PRUH VXLWDEOH IRU FU\RJHQLF VLWXDWLRQɂ െ
SRVVHVVHV PRUH SODVWLFLW\ DQG OHVV VWUHQJWK WKDQ Ƚ െ  :LWK GHIRUPDWLRQ LQFUHDVLQJȽ െ
LQFUHDVHVZKLOHɂ െ WHQGVWRPDLQWDLQVWDEOH:KHQFXUYHVFURVVHGWKHILUVW\LHOGVWDWHPHQW


























7KH FRQVWLWXWLYH UHODWLRQVKLS RI SUHVVXUH YHVVHOPDWHULDO 6ZDV REWDLQHG IURP H[SHULPHQWV LQ VHFWLRQ 
7HQVLOHGLUHFWLRQZDVSDUDOOHO WRUROOLQJGLUHFWLRQZKLFKZDVFLUFXPIHUHQWLDOGLUHFWLRQ LQVLPXODWLRQFORVHU WR WKH
UHDO VLWXDWLRQ$FFRUGLQJ WR VWUDLQ VWUHVV FXUYH WUXH VWUDLQ VWUHVV FXUYHVZHUH WUDQVIRUPHGE\FRQYHUVLRQ IRUPXOD
0,62 PXOWLOLQHDU LVRWURSLF KDUGHQLQJ WKDW XVHV WKH YRQ 0LVHV \LHOG FULWHULD FRXSOHG ZLWK DQ LVRWURSLF ZRUN
KDUGHQLQJ DVVXPSWLRQ ZDV XVHG WR VLPXODWH FROG VWUHWFKLQJ SURFHVV RI SUHVVXUH YHVVHO 0DWHULDO EHKDYLRU ZDV
GHVFULEHGE\DSLHFHZLVHOLQHDUVWUHVVVWUDLQFXUYHVWDUWLQJDWWKHRULJLQZLWKSRVLWLYHVWUHVVDQGVWUDLQYDOXHV
3LSHVRQ WKHKHDGKDYH OLWWOH GHIRUPDWLRQ LQ FROG VWUHWFKLQJSURFHVVZKLFK FRXOGEH LJQRUHG LQ ILQLWH HOHPHQW
PRGHOV6LQFH WKHZKROHPRGHO VWUXFWXUHDQGVWUHVV VWDWHZHUHD[LV\PPHWULF WZRGLPHQVLRQD[LV\PPHWULFPRGHO
ZDV HVWDEOLVKHG WR DQDO\]H VWUHVV VWUDLQ DQGGHIRUPDWLRQ IRUGHFUHDVLQJ FRPSXWDWLRQDO FRPSOH[LW\'XULQJ DFWXDO
FROG VWUHWFKLQJ SURFHVV ODUJH GHIRUPDWLRQ ZRXOG RFFXU LQ WKH YHVVHO %RWK VWUXFWXUH DQG PDWHULDO ZRXOG VXIIHU
QRQOLQHDUHIIHFWV,QWKHPRGHOVHOHPHQWSODQHWKDWLVDSSOLFDEOHIRUSODVWLFLW\ODUJHGHIRUPDWLRQDQGVWUDLQZDV
DSSOLHG LQ QRQOLQHDU DQDO\VLV $XVWHQLWLF VWDLQOHVV VWHHO FROG VWUHWFKLQJ SURFHVV LQFOXGHV WKUHH VWDJHV ORDGLQJ
XQORDGLQJDQGUHORDGLQJ,QWKHSURFHVVVWUDLQUDWHZDVORFDWHGLQORZOHYHOVRLWFRXOGEHUHJDUGHGDVTXDVLVWDWLF
VWDWH*OREDODQGORFDOPRGHOGLDJUDPVZHUHVKRZQLQ)LJ
$[LV\PPHWULF FRQVWUDLQWVZHUH DSSOLHG RQ WKH FHQWHU RI WKH KHDG DQG WKHPLGGOH RI WKH F\OLQGHU0HDQZKLOH
XQLIRUPSUHVVXUHZDVDSSOLHGRQWKHLQQHUVXUIDFHRIWKHYHVVHO
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&LUFXPIHUHQWLDO VWUHVV DQG FLUFXPIHUHQWLDO VWUDLQ DORQJ D[LV DUH VKRZQ LQ ILJXUH  DQG 3RVLWLRQ YDOXH PP
UHSUHVHQWVWKHPLGGOHSRVLWLRQRIWKHF\OLQGHUDQGSRVLWLRQYDOXHPPUHSUHVHQWVWKHMRLQWSRVLWLRQ:KHQWKH
YHVVHOLVXQGHUORDGLQJSUHVVXUHGLVFRQWLQXRXVSKHQRPHQRQZDVREVHUYHGLQMRLQWEHWZHHQKHDGDQGF\OLQGHURIWKH
YHVVHO &LUFXPIHUHQWLDO VWUHVV GURSSHG WR ORZ OHYHO UHPDUNDEO\ DW WKH MRLQW PDLQWDLQLQJ VWDEOH DW RWKHU SDUW RI











0D[LPXP GHIRUPDWLRQ LV ORFDWHG LQ WKH PLGGOH RI WKH F\OLQGHU DV ZHOO DV PD[LPXP FLUFXPIHUHQWLDO VWUHVV
FLUFXPIHUHQWLDO VWUDLQ PLVHV HTXLYDOHQW VWUHVV DQG WUHVFD HTXLYDOHQW VWUHVV ZKLFK LV VKRZQ LQ ILJXUH 























DQ\UHVLGXDO VWUHVVDWSRVLWLRQ IDU IURPGLVFRQWLQXRXVDUHD5HVLGXDOVWUHVVPDLQO\ LVGLVWULEXWHG LQ MRLQWVEHWZHHQ
KHDGDQGF\OLQGHU7KHPD[LPXPUHVLGXDOFRPSUHVVLYHVWUHVVLV03DDQGWKHPD[LPXPUHVLGXDOWHQVLOHVWUHVVLV





















ൌ ʹ͸͵ܯܲܽ  
)URPDERYHPHQWLRQHGSURFHVVFLUFXPIHUHQWLDOVWUHVVXQGHUVWUHQJWKHQLQJSUHVVXUHLVSDUDPRXQW7RFRQILUPD




VWUHQJWKHQLQJSUHVVXUH03D     
FLUFXPIHUHQWLDOVWUHVV03D     




ZRUGVH[FHVVLYH ORZVWUHQJWKHQLQJSUHVVXUH LVXVHOHVV&RQVLGHULQJDVVHPEO\RISUHVVXUHYHVVHO WKHGHIRUPDWLRQ
PXVWEHFRQWUROOHGLQDUDQJH:KHQWKHVWUHQJWKHQLQJSUHVVXUHLQFUHDVHVWR03DFLUFXPIHUHQWLDOVWUDLQUHDFKHV

















&RQYHQWLRQDOGHVLJQ    
&ROGVWUHWFKLQJ    
&U\RJHQLFVWUHWFKLQJ    
&U\RJHQLFVWUHWFKLQJ    

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&RQFOXVLRQV
0HFKDQLFDOEHKDYLRUVYDULDWLRQRIPDWHULDO6ZDVLQYHVWLJDWHG7KHILQLWHHOHPHQWPHWKRGEDVHGRQ0,62




7KURXJK LQWHJUDWHG LQWR DFFRXQW DSSURSULDWH FLUFXPIHUHQWLDO VWUHVV XQGHU VWUHQJWKHQLQJSUHVVXUH VKRXOG QRW
H[FHHG03D
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